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Abstract of JP4287344 

PURPOSE:To prevent deformation, warp, etc., of a base 
mennber, by bonding an electrostatic chuck mennber of 
ceramic to the base member by using silicone resin. 
CONSTITUTION:An electrostatic chuck 1 is composed of 
ceramic like alumina, calsium titanate, and barium titanate, 
and an inner electrode la is buried. Said chuck 1 is mounted 
on a base member 2 composed of metal like aluminum, and 
adhesive agent 3 composed of silicone resin is interposed 
between them, which are joined. A semiconductor wafer W 
can be sucked on the electrostatic chuck member by 
applying a voltage 4 across the inner electrode 1a of the 
electrostatic chuck member 1 and the semiconductor wafer 
W. 
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[Title of the Invention] 

JOINT STRUCTURE OF ELECTROSTATIC CHUCK 
[Abstract] 

[Purpose] To absorb tlie thermal expansion difference in a joint structure 
of an electrostatic chuck member 1 made of a ceramic and fixed on a base 
member 2 and to mal^e the electrostatic chucli usable in a temperature 
range of -100 to 200°C. 

[Constitution] A silicone resin dissolved in an organic solvent is used as ah 
adhesive and applied to interface of each member and then both members 
are bonded to each other. 
[Claim] 

1. A joint structure of an electrostatic chuck obtained by using a silicone 
resin for bonding an electrostatic chuck member made of a ceramic and a 
base member. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field of the Invention] 

The invention relates to a joint structure of an electrostatic chuck 
made of a ceramic and employed for fixing, amending, and transporting a 
silicon wafer or the like in a semiconductor device fabrication apparatus. 
[0002] 
[Prior Art] 

Conventionally, an electrostatic chuck has been used while an 
electrostatic chuck member being fixed on a base member made of a metal 
material. For example, as shown in Fig. 4, an electrostatic chuck member 



10 is set on a base member 20 and a mechanical clamp structure for fixing a 
clamp member 30 in the surrounding with bolts 31 is used. In addition to 
this fixation method, a screw fixing structure for fixing the electrostatic 
chuck member 10 directly by bolts and joint structure for fixing it by 
bonding using an organic adhesive, glass or the like have also been 
employed. The above-mentioned base member 20 is for supporting the 
electrostatic chuck member 10 and also for releasing the generated heat and 
in general, metals such as aluminum, tungsten, stainless steel or the like 
have been used for it. 
[0003] 

Further, recently, an electrostatic chuck member made of a ceramic 
tends to be used widely and since the electrostatic chuck member made of 
the ceramic is inferior in mechanical toughness, mechanical installation 
such as a mechanical clamp or screw fixation becomes more difficult as the 
thickness is made thinner. 
[0004] 

Therefore, in the case of the electrostatic chuck member made of the 
ceramic, it has been common to bond the electrostatic chuck member and 
the base member by using an organic adhesive or glass. For example, with 
respect to a joint structure using, for example, an amine type or epoxy type 
organic adhesive, it is convenient and has an advantageous point that it has 
no alkali metal and heavy metal, which become pollutant sources in the 
semiconductor device fabrication process and therefore it has been employed 
widely. Also, with respect to a joint structure using glass, an electrostatic 
chuck made of a ceramic with a high precision and high rigidity can be 



obtained. 
[0005] 

[Problems to be Solved by the Invention] 

However, regarding the above-mentioned joint structure using the 
organic adhesive or glass, since the thermal expansion coefficient difference 
is wide between the base member made of a metal and the electrostatic 
chuck member made of the ceramic in the case of using in a wide 
temperature range of -100 to 200°C, there occurs a problem that strains and 
cracks are caused in the surface of the electrostatic chuck member made of 
the ceramic. Therefore, it is impossible to bond the electrostatic chuck 
member made of the ceramic to, for example, aluminum, which is a common 
base member material for a dry etching apparatus and instead, as a base 
member, a material having a thermal expansion coefficient very close to that 
of the electrostatic chuck member made of the ceramic has to be used. 
[0006] 

Further, as a problem in terms of manufacture, in the case of using 
aluminum, for instance, for the base member, since the melting point of 
glass paste containing no heavy metal, which is commonly used for bonding 
with glass, is 650°C or higher, it may be possible to exceeds the melting 
point of aluminum to result in occurrence of deformation, warp or the like of 
the base member and deterioration of the flatness of the surface of the 
electrostatic chuck member. 
[0007] 

[Means for Solving the Problems] 

The invention provide a joint structure of an electrostatic chuck by 



using a silicone resin dissolved in an organic solvent in paste-like state for 
bonding an electrostatic chuck member made of a ceramic to a base member. 
[0008] 
[Effects] 

According to the invention, by using a silicone resin having a high 
elongation ratio and excellent heat resistance for bonding an electrostatic 
chuck member made of a ceramic to a base member, the thermal expansion 
coefficient difference between both members can be moderated and the 
flatness can be increased, so that the precision and reliability of the 
electrostatic chuck can be heightened and the usable temperature range can 
be widened. 
[0009] 

[Embodiments] 

Hereinafter, embodiments of the invention will be described with 
reference to illustrations. 

The electrostatic chuck joint structures of the invention are shown in 
Fig. 1 and Fig. 2. An electrostatic chuck member 1 is made of a ceramic 
such as alumina (AI2O3), calcium titanate (CaTiOa), barium titanate 
(BaTiOa) and the like and an inner electrode la is embedded therein. The 
electrostatic chuck member 1 is set on a base member 2 made of a metal 
such as aluminum and an adhesive 3 made of a silicone resin is put between 
both members to bond them. 
[0010] 

By applying voltage 4 between the inner electrode la in the 
above-mentioned electrostatic chuck member 1 and a semiconductor wafer 
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W, the semiconductor wafer W can be attracted to the electrostatic chuck 
member 1 (a single polar type). Also, although it is not illustrated, a 
plurality of inner electrodes la are embedded in the electrostatic chuck 
member 1 and a semiconductor wafer W can be attracted by applying 
5 voltage between the inner electrodes (bipolar type). 
[0011] 

The above silicone resin to be used as the adhesive 3 is a silicon 
compound polymer having semi-inorganic or semi-organic bonds including 
siloxane bonds (Si-O-Si) and can be defined, for example, by the following 
10 chemical formula 1 and chemical formula 2. 
[0012] 

[Chem. formula 1] 
-0Si(R)20- (R = H, CHa, C2H5 ) 
[0013] 
15 [Chem. formula 2] 

Si(R)(0-)3 (R = H, CHs, C2H5 -) 
[0014] 

Such a silicone resin is excellent in heat resistance and elasticity 
and in the invention, particularly a silicone resin having a heat resistant 

20 temperature of 200°C or higher and an elongation of 80% or higher is used. 
Here, the elongation means the expansion ratio at the moment of rupture 
caused by applying extension load to both ends of a test piece of the silicone 
resin. Use of such a silicone resin with a high elongation as the adhesive 3 
as described above makes it easy to absorb the thermal expansion coefficient 

25 difference between the electrostatic chuck member 1 and the base member 2, 
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and to bind these members having a serious difference between their 

thermal expansion coefficient. 

[0015] 

Further, the thickness of the above-mentioned adhesive 3 of the 
5 silicone resin is about 5 to 40 fxm, preferably 10 to 15 )im. If the thickness 
is thinner than 5 jim, owing to the undulation of the surface of the base 
member 2, a gap may be formed between the base member and the 
electrostatic chuck member 1. On the other hand, if the thickness is 
thicker than 40 jim, it becomes difficult to release the heat of the 
10 electrostatic chuck member 1 to the base member 2 and at the same time, 
the installation precision of the electrostatic chuck member 1 is 
deteriorated. 
[0016] 

Further, although the above-mentioned silicone resin itself has a 
15 relatively low thermal conductivity, since its thickness is thin as described 
above, it can well transmit the heat from the electrostatic chuck member 1 
to the base member 2. Alternatively, a metal or a metal oxide (Al, Si02, 
and the like) may be added to the silicone resin to the extent that no adverse 
polluting effect on a wafer is caused so as to improve the thermal 
20 conductivity. 
[0017] 

Further, the embodiments using the base member 2 made of a metal 
. material are exemplified, however it is not intended that the base member 
be limited to these exemplified metal materials and base members made of 
25 ceramics may be used. If ceramics, for example, aluminum nitride 



(thermal conductivity 150 to 200 W/m-K), silicon carbide (thermal 
conductivity 60 W/m*K), a BeO-containing silicon carbide (thermal 
conductivity 260 W/m»K) and the like having high thermal conductivity are 
used, they can release the heat of the electrostatic chuck member 1 and at 
the same time they have excellent rigidity and high size precision and 
therefore, excellent flatness of the surface of the electrostatic chuck member 
1 can be obtained. 
[00181 

Next, a. manufacture chart for obtaining the joint structure of the 
invention is shown in Fig, 3. A basic bonding method includes steps of 
dissolving a silicone resin as an adhesive 3 in an organic solvent such as 
toluene, acetone or the like so as to give a paste, applying the obtained 
adhesive in paste-like state to either the front face of the base member 2 or 
to the rear face of the electrostatic chuck member 1, subsequently, closely 
sticking both members, and then drying them at ambient temperature. In 
this bonding method, in order to improve the reliability, the application 
method and the drying method of the adhesive 3 are important. 
[0019] 

At first, with respect to the method for applying the adhesive 3, as 
the application thickness is more uniform, the bonding strength becomes 
stronger and the electrostatic chuck can be installed more precisely and also 
as the thickness is thinner, the thermal conductivity become higher. 
Accordingly, a screen printing method is one of desirable methods. For 
example, the adhesive 3 is applied in a thickness controlled to be 5 to 40 |jm 
to either the front face of the base member 2 or the rear face of the 
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electrostatic chuck member 1 through a screen having a mesh size of 100 to 
300 by the screen printing. In that case, the mesh size of the screen may 
be selected optionally depending on the type of the adhesive 3 and the 
desired thickness of the application. 
[0020] 

Next, with respect to drying, in order to increase the adhesion 
strength of the adhesive 3 to the interface, drying is carried out for 1 to 2 
days under a pressure of 50 to 100 g/cm2. That is because if the pressure is 
lower than 50 g/cm2 load, the adhesion strength will be insufficient and if it 
is higher than 100 g/cm^ load, the electrostatic chuck member 1 made of the 
ceramic may possibly be broken. 
[0021] 

By employing the production process as described above, the flatness 
of the surface of the electrostatic chuck member 1 can be 5 jLun or less, the 
parallel degree of the rear face of the base member 2 and the front face of 
the electrostatic chuck member 1 can be 5 jum or less and a joint structure 
with an extremely high precision can be obtained. The bonding strength 
between the electrostatic chuck member 1 and the base member 2 is 20 
kg/cm2 or higher and it is no problem for practical use. 
[0022] 

Next, as Example of the invention, an electrostatic chuck made of a 
ceramic bonded by the above-mentioned method was prepared and as 
Comparative Example, one produced by bonding using glass was produced 
and they were used for dry etching apparatus. 
[0023] 
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Each electrostatic chuck for the dry etching apparatus was used in a 
use temperature range of -100 to 100°C. Since heat with which a 
semiconductor wafer was heated in the processing process was required to 
release to the outside, a metal such as aluminum with a high thermal 
5 conductivity was used for the base member. On the other hand, as the 
ceramic composing each electrostatic chuck, calcium titanate (CaTiOa) was 
used. In that case, since the difference between the thermal expansion 
coefficient of the electrostatic chuck member made of the ceramic, 10.4 x 
10-5/°C, and the thermal expansion coefficient of aluminum for the base 
10 member, 23 x 10-6/«C, was high, cracking occurred in the ceramic portion 

during the use in the case of Comparative Example. Meanwhile in the case 
of the Example, since the adhesive made of the silicone resin absorbs the 
thermal expansion coefficient difference, cracking scarcely occurred and 
there was no problem for practical use. 
15 [0024] 

[Effects of the Invention] 

According to the invention, since silicone resin is excellent in heat 
resistance and can absorb thermal expansion coefficient difference, use of 
the silicone resin for bonding an electrostatic chuck member made of a 
20 ceramic and a base member makes it possible to bond the base member and 
the ceramic electrostatic chuck member having a significant high thermal 
expansion coefficient difference between them and makes obtained 
electrostatic chuck usable in a wide temperature range. Consequently, an 
electrostatic chuck with a joint structure preferably usable particularly for a 
25 drying etching apparatus to be used in a temperature range of -100 to 100°C 
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can be provided. 

[Brief Description of the Drawings] 

[Fig. 1] A perspective view showing the joint structure of an electrostatic 
chuck of the invention. 

[Fig. 2] A cross-sectional view along X-X line in Fig. 1. 

[Fig. 3] A manufacture chart for manufacturing the joint structure of an 

electrostatic chuck of the invention. 

[Fig. 4] A perspective view showing the joint structure of an electrostatic 
chuck by a conventional mechanical clamp. 
[Explanation of Symbols] 

1 an electrostatic chuck member 

2 a base member 

3 an adhesive 



11 



[Fig. 3] 

washing an electrostatic chuck arid a base member 

i 

diluting a silicone adhesive with an organic solvent 
5 i 

applying the adhesive (screen printing) 
i 

drying and fixing the adhesive 
i 

0 I sticking and processing the power supplying part 

i 



inspecting a product 
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